PCX 



WORLX) INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
A61B 19/00, 5/06, A61F 13/44 



Al 



(11) Internationa) Publication Number: 
(43) International Publication Date: 



WO 98/30166 

16 July 1998(16.07.98) 



(21) International Application Number: PCT/US98/00145 

(22) International Filing Date: 8 January 1998 (08.0 K98) 



(30) Priority Data: 
08/780,697 



8 January 1997 (08.01.97) 



US 



(71)(72) Applicants and Inventors: FABIAN, Carl, E. [US/US]; 
577 N.E. 96th Street, Miami Shores, FL 33138 (US). AN- 
DERSON, Philip, M. [US/US]; 37 Winding Way, Madison, 
NJ 07974 (US). 

(74) Agent: BUFF, Ernest, D.; 240 Douglas Road, Far Hills, NJ 
07931 (US). 



(81) Designated States: European patent (AT, BE. CH, DE, DK, 
ES, n, PR, GB. GR. IE. IT. LU, MC, NL. PT. SE). 



Published 

With international search report. 



Copy 



(54) Title: SURGICAL IMPLEMENT DETECTOR UTILIZING A SMART MARKER 
(57) Abstract ^ 



A surgical implement appointed for 
disposition within human or animal tissue 
is made to be electronically identifiable by 
affixing thereto a marker which transmits a 
predetermined code upon application of a 
magnetic field in the vicinity. A detecting 
means receives the transmitted code and cor- 
relates it with the implement. The correla- 
tion is verified and indicated, and the imple- 
ment is positively identified. 



redilier 




fi 

decoder 




driver 




n 

frequency 
generator 











FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Heizegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Ttutmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


T^ikcy 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Centra) African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdtc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint I^cla 


RU 


Russian Federation 






DB 


Germany 


U 


Uechtenstem 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 98/30166 



PCT/US98/00145 



SURGICAL IMPLEMENT DETECTOR UTILIZING A SMART MARKER 

Background of the Invention 

1. Field of the Invention 

The present invention relates to a method for detecting a marked surgical implement 
such as a sponge, clamp, or catheter within a surgical wound in human or animal tissue 
irrespective of its position or orientation therewithin. 



2. Description of the Prior Art 

During the course of a surgical operation it is frequently necessary for articles, such 
as surgical sponges, gauzes, instruments, needles, and the like, to be placed into a wound 
cavity. Notwithstanding rigorous precautions attendant surgical procedures, such items are 
sometimes inadvertently lost during surgery and remain within the wound. When this 
happens the patient can encounter serious consequences, including pain, infection, intestinal 
obstruction, and even death. The problem of retained surgical implements has existed since 
the earliest days of surgery. Procedures conventionally employed to prevent post-surgical 
implement retention include a manual search of the wound cavity by the surgeon prior to 
closure and a careful accounting for all materials inserted and removed from the wound. 
The accounting function is customarily carried out by the operating room staff, usually the 
circulating nurse. Despite these precautionary measures the accidental retention of surgical 
implements continues to occur with disturbing regularity, even in prestigious institutions, 
and is regarded by surgeons as a major unsolved problem. 

At present, manual search and physical count remain the primary methods used to 
prevent retention of surgical implements. Most surgical instruments are composed of metal, 
and are easily detectable by x-ray. Sponges are usually marked with radiopaque markers to 
make them additionally visible by x-ray. But x-rays are not routinely carried out upon 
completion of the operation because of several disadvantages, including inconvenience, 
expense, loss of operative time, and radiation exposure. Performing an x-ray after the 
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patient has left the operating room suffers from some of the same disadvantages. Moreover, 
even when postoperative x-rays are taken, retained surgical items are frequently overlooked, 
and even if detected at that time, require a second operation to effect their removal. 

To overcome the difliculty of detecting retained surgical implements, it has been 
suggested that the implements be provided with a radioactive tracer. This technique, 
disclosed by U. S. Patent 2.740,405 to Riordan, is subject to obvious hazards associated 
with use, storage and disposal of radioactive materials. 

It has also been proposed that surgical sponges be marked with a flexible plastic 
impregnated with either paramagnetic or ferromagnetic materials in the form of powders. 
Detection of these marked sponges is accomplished by a metal detector. This method, 
taught by U. S. Patent 3,422,816 to Robinson et al., provides very small signals difficult to 
detect over the width of a patient's body. In addition, the Robinson et al. technique provides 
no discrimination against other metal objects, such as staples which, though present within 
the surgical wound, are appointed for retention therewithin. 

Yet another proposal, advanced by U. S. Patent 3,587,583 to Greenberg, involves 
use of surgical sponges marked with magnetized particles whose presence is detectable with 
magnetodiodes. In practice, however, the magnetic field generated by these particles is too 
small to be readily detected by the diodes. 

U. S. Patent 4,1 14,601 to Abels discloses the use of a small transponder fixed to a 
surgical sponge or instrument. This transponder exhibits gyromagnetic resonance at 
preselected frequencies. Detection is accomplished by nonlinear mixing of two frequencies 
impinging upon the transponder. The gyromagnetic resonance effect disclosed by Abels is a 
high frequency phenomenon, existing at frequencies of the order of about 5 gigahertz 
(5,000,000,000 cycles/sec). These frequencies, known as microwaves, are absorbed readily 
by animal tissue and are, in fact, used in microwave ovens for cooking. In use of the Abels 
type transponder, the energy developed goes primarily into heating tissue, rather than 
exciting the transponder into gyromagnetic resonance. 
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British Patent No. 2,242,551 discloses a surgical implement having a bar code 
attached thereto. The bar code is optically read and oftentimes becomes obscured by blood 
and tissue fragments within the wound cavity. Hence its use is generally impractical for 
surgical procedures. 

U. S. Patent 5,057,095 to Fabian and Anderson discloses the use of a resonant 
transponder fixed to a surgical sponge or instrument, and U. S. Patent 5,190,059 to Fabian 
and Anderson discloses a powered marker, while U. S. Patent 5,188,126 to Fabian and 
Anderson discloses a capacitive marker. These patents do not provide for storing a code in a 
marker. 



Summary of the Inventinn 

The present invention provides a method and apparatus for accurately and reliably 
accounting for surgical implements used during a surgical operation. 

In one embodiment, the invention provides an apparatus for detecting a surgical 
implement in human or animal tissue. The apparatus comprises a field-generating means 
for generating a magnetic field having a predetermined frequency. A marker is secured to a 
surgical implement appointed for disposition within the tissue. The marker is operative in 
the presence of the magnetic field to transmit a predetermined code. A detecting means 
receives, decodes and verifies the predetermined code and correlates it with the surgical 
instrument. 

The read code is added to a code list for inserted implements. Upon withdrawal of 
the implement from the surgical wound, another reading is taken and matched by a 
microprocessor against the code list. Implements not accounted for are positively identified 
prior to closure of the wound. The reader can be used at any time to probe the surgical 
wound for markers and attached implements. 

Further provided is a method for detecting a surgical implement in human or animal 
tissue. The method comprises the steps of: generating a magnetic field having a 
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predetermined frequency in the vicinity of the tissue; attaching a marker to a surgical 
instrument appointed for disposition within the tissue, the marker being operative in 
response to the magnetic field to transmit a predetermined code; and detecting the 
transmitted code and correlating it with the surgical implement. 

In another embodiment of the invention, there is provided an apparatus adapted to 
account for a surgical implement appointed for disposition in human or animal tissue. 
Generally stated, the apparatus comprises a marker adapted to be secured to the surgical 
implement. The marker has a preprogrammed code. A microcontroller means adapted for 
electrical connection to the marker reads and changes the preprogrammed code into a 
reprogrammed code. An indicating means indicates the reprogrammed code. The apparatus 
further comprises memory means for holding the preprogrammed code. A multiplexer 
means in communication with the memory means decodes the preprogrammed code and 
encodes the reprogrammed code. The marker has a connection point on an external surface 
and a ground connection point on a different portion of the external surface. The connection 
point cooperates with the ground connection point to establish the electrical connection. 

Further provided is a method of accounting for a surgical implement appointed for 
disposition in human or animal tissue. The method comprises the steps of: electrically 
connecting a marker to a reader, the marker having a preprogrammed code and being 
secured to a surgical implement appointed for disposition within the tissue; reading the 
preprogrammed code; decoding the preprogrammed code; verifying the preprogrammed 
code; and indicating receipt of the preprogrammed code. 

Advantageously, the method and apparatus of the invention detect retained surgical 
implements with far greater accuracy and efficiency than methods and means involving a 
physical count of implements that enter and exit the wound. Coding of the marker uniquely 
differentiates it from other markers, assuring positive identification and specification of the 
implement to which it is attached. The apparatus is inexpensive to construct, more efficient 
and reliable than postoperative X-rays and avoids risk to the environment and personnel 
posed by radioactive tracers. The signal is more easily distinguished than signals generated 
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by magnetic detection systems, and is generated without the heating of tissue caused by 
microwave detection systems. 



Brief Descriptinn of the Drawing s 

The invention will be more fully understood and further advantages will become 
apparent when reference is made to the following detailed description of the preferred 
embodiment of the invention and the accompanying drawings in which: 

Fig. 1 is a block diagram of a surgical implement detector reader and marker 
incorporating the elements of the present invention; 

Fig. 2 is a schematic diagram depicting an alternate antenna configuration for the 
detector of Fig. 1; 

Fig. 3 is a circuit diagram of a marker suited for use in the detector of Fig. 1 ; 
Fig. 4 is a block diagram showing an alternate embodiment of a surgical implement 
detector reader; and 

Fig. 5 is an alternate embodiment of the invention shown in Fig. 1 , where direct 
contact between marker and reader is established. 



Descriptio n of the Preferred Embodiments 

Referring to the drawings, there is shown in Fig. 1 an apparatus for detecting a 
surgical implement in human or animal tissue Frequency generator 1 1, driver 12, and reader 
antenna 14 provide means for generating magnetic field 20 at a predetermined frequency. 
Rectifier 10, provide a means for receiving the predetermined code of marker 7, and 
decoder 8 provides a means for decoding the predetermined code. Microprocessor 16 
provides the means for verifying the predetermined code. Indicator 9 provides a means for 
indicating reception of the predetermined code. Alternatively, verification of the 
predetermined code can be performed manually. 
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In Fig. I, reader 5 comprises microprocessor 16. frequency generator 1 1, driver 12, 
rectifier 10, decoder 8, indicator 9, and reader antenna 14. The reader is shown by the 
dashed box labeled 5 in Fig. 1 . Microprocessor 16 directs frequency generator 1 1 to provide 
a predetermined frequency to driver 12. Preferably, the predetermined frequency is between 
50 kHz and 300 kHz. Driver 12 in turn supplies reader antenna 14 with a current of the 
predetermined frequency, thus in turn, generating magnetic field 20 having the 
predetermined frequency. Preferably, reader antenna 14 is comprised of a coil with a ferrite 
core. 

Marker 7 comprises marker antenna 22, tuning capacitor 24, diode 23, capacitor 25, 
memory 28, control 29, and switch 27. The marker is indicated by the dashed box labeled 7 
in Fig. 1 . Preferably, memory 28 is an EEPROM provided with a predetermined code. 
Marker antenna 22 is comprised of a coil and ferrite core having dimensions preferably near 
6 by 30 mm. Tuning capacitor 24 forms, with marker antenna 22, a tuned tank circuit 
having a resonant frequency equal to the predetermined frequency of magnetic field 20. 
When marker 7 is sufficiently close to reader antenna 14, magnetic field 20 will generate a 
voltage in marker antenna 22 that is rectified by diode 23 causing capacitor 25 to charge. 
When capacitor 25 reaches a predetermined voltage, memory 28, and control 29 become 
operational. The predetermined voltage is typically between 3 and 5 volts, depending on the 
choice of marker components. Control 29, via connection 21 , causes switch 27 to open and 
close in sequence according to the predetermined code of memory 28. The opening and 
closing of switch 27 causes marker antenna 22 to vary impedance. This varying impedance 
disturbs magnetic field 20, which in turn disturbs the voltage from driver 12 in reader 
amenna 14. The varying voltage is rectified by rectifier 10. Decoder 8 filters and 
demodulates the voltage to reconstruct the predetermined code of memory 28. 
Microprocessor 16 determines validity of the code by comparing the code with a 
programmed internal code list. If a match is found, indicator 9 is activated. Preferably, 
decoder 8 and frequency generator 1 1 are combined as an integrated circuit of the type 
m3394b. The m3394b requires a quartz crystal and a maximum of 2 RC support circuits. 
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Alternatively as shown in Fig. 2, reader antenna 14 comprises a second coil 17 connected to 
rectifier 10 for sensing the disturbance of magnetic field 20. Circuit ground is indicated by 
15 in Fig. 1. 

Preferably as shown in Fig. 1, diode 23, memory 28, control 29, and switch 27 are 
combined together into a single integrated circuit 26 in marker 7. The integrated circuit is 
indicated by the da.shed box labeled 26 in Fig. 1 . 

For marker antenna 22 to be effective, the predetermined frequency of magnetic 
field 20 should be below 3 megahertz and above 5 kilohertz. Preferably, the predetermined 
frequency of magnetic field 20 ranges from about 50 to 300 kilohertz. It is even more 
preferable that the predetermined frequency of magnetic field 20 be near or at 125 kilohertz. 

The method for detecting a surgical implement in human or animal tissue comprises 
the steps of: generating a magnetic field having a predetermined frequency; attaching a 
marker to a surgical implement appointed for disposition within the tissue, the marker being 
powered by the magnetic field and being operative in its presence to transmit a 
predetermined code; receiving the predetermined code; decoding the predetermined code; 
verifying the predetermined code; and indicating receipt of the predetermined code. 

In practice, a marker is attached to a surgical implement and the reader is used to 
read and record the marker's predetermined code to a inventory list in the microprocessor. 
On removal of a marker from the surgical wound, the reader is again used to read and record 
the predetermined code, which is matched with the inventory list. Unmatched codes indicate 
unaccounted for implements. The user is alerted by the mismatch, and a search of the 
wound with the reader is made to locate any missing implements. Prior to closure of the 
surgical wound, the reader is placed near the wound to perform a fail-safe search for 
implements. 

Figure 3 shows one possible circuit for marker 7. A voltage induced in marker 
antenna 22 and tuning capacitor 24, and rectified by diode 23 charges capacitor 25. 
Capacitor 25 is now the source of power for the other elements of marker 7. Clock 47 
provides circuit timing. Flip-flop 40 causing initialization of binary counter 42 and 
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EEPROM 44. With each clock pulse from clock 47, binary counter 42 counts up from zero 
to one plus the number of digits of the predetermined code. With each count, EEPROM 44 
outputs the corresponding digit of the predetermined code to demultiplexer 48. The last 
digit in memory of EEPROM 44 provides an end-of-sequence pulse to flip-flop 41, which 
in turn provides a reset pulse to binary counter 42 and EEPROM 44. Demultiplexer 48 
sends each digit of the predetermined code along control line 21 a to switch 27a. In this 
manner, marker antenna 22 is either shorted or left unaffected depending on the digit of the 
predetermined code considered. Resistors 54, 50, and 52 provide reference voltages with 
respect to ground 45. 

Fig. 4 shows an alternate construction of reader 5. Frequency generator 32 is 
coupled to antenna 34 through capacitor 30 creating magnetic field 20. Marker 7 disturbs 
magnetic field 20 as described above. The disturbed voltage is sensed and rectified by 
rectifier 35. Tuned amplifiers 37 and 39 along with coupling capacitors 36 and 38 filter and 
demodulate the sensed disturbance voltage. Comparator 40 reproduces the predetermined 
code transmitted from marker 7 and inputs the code to microprocessor 42. Microprocessor 
42 verifies the code with comparison to a programmed internal code list and indicates the 
comparison product on indicator 9. Resistor 46 provides voltage difference with ground 45. 

Fig. 5 shows another embodiment of the invention, in which the code contained in 
marker 52 is read or changed by electrically connecting reader/programmer 70 to marker 52. 
Reader/programmer, indicated by dashed box labeled 70, comprises microcontroller 50, 
indicator 53, data line 51, and connector 60. A means for electrically connecting marker 52 
and microcontroller 50 is provided by connector 60. Connector 60 comprises data/power 
connector 63 and ground connector 62 which is connected to ground 45. Marker 52 
comprises multiplexer 54, a memory means 56, and connection point 64, and ground 
connection point 65. While memory means 56 can be implemented using a different 
technology, i.e. EEPROM, the memory means 56 preferably comprises static random access 
memory or SRAM. In order to read or change the code contained within marker 52, 
data/power connector 63 must connect directly to connection point 64 of marker 52, and 
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ground connector 62 must connect directly to ground connection point 65 of marker 52. 
Thus, microcontroller 50 is electrically connected to marker 52 via line 51 and connector 
60. Voltage source 71 and drop-down resistor 72 provide power for the circuit. 

When reading, microcontroller 50 sends a read query to marker 52. The read query 
comprises a read control command and an address to multiplexer 54, which in turn channels 
the read query through line 75, and the address through line 74 to SRAM 56. SRAM 56 in 
turn provides the data residing at the queried address through line 77 to multiplexer 54 and 
then in turn to microcontroller 50. Microcontroller 50 repeats the read query until all of the 
code contained within marker 52 is read. In this manner, multiplexer 54 decodes the 
preprogrammed code of SRAM 56. Microcontroller 50 also verifies the read code by 
comparing with an internal program list. Power for SRAM 56 is provided through line 76. 

When changing a code, microcontroller 50 sends a write query to marker 52. The 
write query comprises a write control command, an address, and a code digit to multiplexer 
54, which in turn channels the write query through line 75, the address through line 74, and 
the code digit through line 73 to SRAM 56. Microcontroller 50 repeats the write query until 
all of the code is written to marker 52. In this manner, multiplexer 54 encodes a 
reprogrammed code to SRAM 56. 

In practice, a marker is attached to a surgical implement. Before use in an operation, 
operating room personnel read the code of the marker by connecting it to the 
reader/programmer and reading and recording the marker code. When removing the 
implement, the marker code is again read and recorded. In this way an accounting can be 
efficiently kept of the implements used during the surgery and missing implements are 
readily identified. 

The invention additionally provides a method of accounting for a surgical 
implement appointed for disposition in human or animal tissue, comprising the steps of: 
electrically connecting a marker to a reader, the marker having a preprogrammed code and 
being secured to a surgical implement appointed for disposition within the tissue; reading 
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the preprogrammed code; decoding the preprogrammed code; verifying the preprogrammed 
code; and indicating receipt of the preprogrammed code. 

The surgical implement detector disclosed herein can, of course, be modified in 
numerous ways without departing from the scope of the invention. For example, an optical 
scanner and bar code can be added to provide back-up redundancy and/or permit alternative 
information gathering capacity before or after the surgical procedure, or at locations remote 
from the wound cavity. Such modifications are intended to fall within the scope of the 
invention as defined by the subjoined claims. 

Having thus described the invention in rather full detail, it will be understood that 
such detail need not be strictly adhered to but that various changes and modifications may 
suggest themselves to one skilled in the art, all falling within the scope of the invention as 
defined by the subjoining claims. 
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What is claimed is: 

1. An apparatus for detecting a surgical implement in human or animal tissue, 
comprising: 

(a) field-generating means for generating a magnetic field having a predetermined 
frequency; 

(b) a marker secured to a surgical implement appointed for disposition within said 
tissue, said marker being operative in the presence of said magnetic field to transmit a 
predetermined code; and 

(c) detecting means for receiving, decoding and verifying said predetermined code, 
and correlating it v^^ith said surgical instrument. 

2. An apparatus as recited by claim 1, wherein said detecting means further 
comprises: indicator means for indicating the reception of said predetermined code., 

3. An apparatus as recited by claim 1 , wherein said predetermined frequency ranges 
from about 50 to 300 kHz. 

4. An apparatus as recited by claim I, wherein said predetermined frequency is 
125 kHz. 

5. A method for detecting a surgical implement in human or animal tissue, 
comprising the steps of: 

(a) generating a magnetic field having a predetermined frequency in the vicinity of 
said tissue; 

(b) attaching a marker to a surgical instrument appointed for disposition within said 
tissue, said marker being operative in response to said magnetic field to transmit a 
predetermined code; and 

(c) detecting said transmitted code and correlating it with said surgical implement. 
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6. A method, as recited by claim 5, wherein said detecting step further comprises 
the steps of: 

(d) receiving said code; 

(e) decoding said code; 

(f) verifying said code; and 

(g) indicating receipt of said code. 

7. Apparatus adapted to account for a surgical implement appointed for disposition 
in human or animal tissue, comprising: 

(a) a marker secured to said surgical implement, said marker having a 
preprogrammed code; 

(b) microcontroller means adapted for electrical connection to said marker for 
reading and changing said preprogrammed code into a reprogrammed code; and 

(c) indicating means for indicating said reprogrammed code. 

8. Apparatus as recited by claim 7, wherein said marker further comprises: 

(d) memory means for holding said preprogrammed code; 

(e) multiplexer means in communication with said memory means for decoding said 
preprogrammed code and encoding said reprogrammed code; and 

(f) a connection point on an external surface of said marker and a ground connection 
point on different portion of said external surface, said connection point cooperating with 
said ground connection point to establish said electrical connection. 

9. A method of accounting for a surgical implement appointed for disposition in 
human or animal tissue, comprising the steps of: 



wo 98/30166 PCT/US98/00145 

13 

(a) electrically connecting a marker to a reader, said marker having a 
preprogrammed code and being secured to a surgical implement appointed for disposition 
within said tissue; 

(b) reading said preprogrammed code; 

(c) decoding said preprogrammed code; 

(d) verifying said preprogrammed code; and 

(e) indicating receipt of said preprogrammed code. 
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